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HIGH STRENGTH LOW HEAT TREATMENT DEFORMATION GEAR AND 
MANUFACTURE THEREOF 

PROBLEM TO BE SOLVED: To manufacture a large gear having an extremely low strain 
after carbonization quenching. 

SOLUTION: 0.1 3-0.25wt.% C, 0.70-1 .80wt.% Si, 0.30-1 .50\Art.% Mn, 0.20-1 .50wt.% Cr, 
0.01-1 .OOwt.% Mo, and 0.01-0.07wt.% Sol Al are contained. One or more kinds selected 
from 0.01-1.00wL% Ni, 0.01-1 .OOwt.% V, 0.01 -0.1 Owt.% Ti, 0.01-1.0wt.% Nb, and 
0.01-0.10wt.% are contained as a selection element. A remaining part consists of Fe and 
an inevitable impurity. Mixture texture is martensite containing AC3 parameter 
=920-203VC+44.7Si-i-31 .5Mo-30Mn-1 1 Cr+40 AI-1 5.2Ni+104V+40Ti, internal hardness of 
HRC 22-47 of a gear, a carbonization quenching effective cured layer depth of 0.3mm or 
more, a carbonization quenching surface layer grain oxidation layer depth of lOjiim, or 
less, non- carbonization part internal texture having 10-50area% ferrite, and partially 
containing remaining bainite an /or a residue r. 
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(74) A 





(54) C^ggcD^lii] JiSSfiffi. iS3»Ml!a5Jfm<c*«fct^^-'^S!Bi*^ 

m-ikmi] mm, x\ c : 0.13-0.25% , si : 0.70 

—1.80% . Mri : 0.30--1.50?;; , Cr : 0.20M. 50% . Mo: 
0.01-1. OOS , .Sol Al:0.01 -0.07^,; 5r t-*L , MMft 
mtLX. Ni : 0.01-1. OaS , V : 0.01-1.00% , Ti : 
0.01— 0.10?b . Nb : 0.01—0.10% , Zr : 0.01—0.10% 

f), Acj .-"f^^^ — .•5'— =920-203 >n:+44.7Si+31.5Mo-30 
MirllCr+40Al-15.2Ni+104V+40Ti *^'850 —950 X.:, m% 

o.3inmtj.±, im^kxixmM^mL\mm^ io/z« y. 



( 2 ) 
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imSmi] m^(C) :0.13-M).25wt..%. 
> i;3>(Si) : 0.70--1.80wL.%, 
-?>y7'> {Mn) : 0.30— 1.50wt.%, 
j?oX,(Cr) : 0.20-1. 50wt .%, 



"t'jy'fyiMo) : 0.01—1. OOwt.S, t3j:V^ 
r/L Sai^ACSol ADiO.Ol --O.07wt.S 

•A^'^^O. R-O, Ti5(l) 3^ : 



Ac, =920-203 v'~r.+44.7Si+31 .5Ma-30Mii-llCr+40Al-15.2Ni+104V+40Ti 

(1) 



fiL, (1) jfett'i'^Ni, V ioXV^ii^yt^M. (wt..%) {i>F 
$il..g,Ac3 850 —950 X-<7)iEHl^ 

m^<^)^S^M § n ••/ 7 i /l-'C 5§i $ t- 2 2 —4 7 c7)iE 

* V 1 ') , ) (cf ) ^) , 'c L T , 

2rffiT«$5% -c-10-50% gr^. -i-^ hUXt/y 

im^m2 ] mMio ■ 0. i3-o.25wi .%. 



> \)0>{Si) : 0 . 70- 1 . SOwt. % , 
'?> yf> (Mil) : 0.30— 1.50wt..S, 
9Ul.{Cr) : 0.20— 1.50wt..%, 
^Vy^yWo) : 0.01— 1.00i.Jt.°i, iiXV^. 
TH^~^I.{So\ Al):0.01 — 0.07u)t.% 

-.vy;l.(Ni) : 0.01— 1.00wt..%, 
is't'J'^I^iM : 0.01— l.OOwt.% 

^^> (Ti) : 0.01— O.lOtMt.%, 

-7f7'(Nl)) : 0.01— O.lOi^t.%, iiXV^, 

i;iia-^iUir) : 0.01— 0.10wt.% 
*'^>S^^i>^'S:< ti,i ^joium-fj^ma^ii. 



Ac- =920-203 v"C+44.7Si+31.5Mo-30Mii-llCr+40Al-15.2Ni+104V+40Ti 

(1) 



fiL . (1) ^'pmi, V axmic^.yk^m. (wt.%) 
■5ijSsg(c?M7j-fc*§^c7)^^-fi (wt.%) , (cio-r^m 

$iL.§>Ac3 .sS;v-?^p<-:5'— S50 —950 ■CcrMm\^ 

i!im<7)i*isn®$3'/D ••/ .7 ^ X /Ki-igis T- 2 2 - 4 7 (7)«e 

<7) m^M7vixgl5(C It ^> lyJiS (t® m § A>0 . 3 mi:j. 

5rffla^% TlO-50% -^^^ ^gp/Z'^ 'f -^ -f l-SJ:t>' 
Ac- =920-203 



fIL. (1) ^'pom, V i6Xlfl\<7yf^& (wt.%) tiT^ 

•5rjia<j(c?i7af-*§-^i'>ir^-fi (wt.%) , izx-'mm 

$fL-g>Acj Ay N^.>< — ^— 850 —950 COiEHr^ 

S^;ai7)g^n-i?:)a ''7 x ii cm^/jK 1i$.7JLW}'h 5 
inniJy j;L'''9rniri<7>tit-fit(7.)(i[S{-*3t >-C3 0-4 7 
i^iiSHl^fciV^ 2—4 2i7;)iEHl^(-=S>^*|iffl^SWc 

mm^ 0 . 3 m mi;j.±. mMo^^^t-mtmcym^ ^ i 

0/.tin WT, ^NS^gni7)l*lgl3ffi^2r - 7i7-f I- 



[it5}i3S3 ] ^^(C) : 0.13-0.25wt.%. 

>' \) 3 XSi ) : 0.70- 1 . SOwt. % , 
-7> (Mil) : 0.30-1. 50i<)t.%, 
:7a2,(Cr) : 0.20— 1.5aMi.%, 
^*)r^> (Mo) : 0.01— 1.00wt..%. aXt^. 
T/l. =-'>X.(Sol Al):0.01 -O.07wt..S 

: ^(Fe)fcJ;L'^'^^iSfi^^*WJ 
A^i^^rO, TiSd) yH- 

fC+U. 7Si +31 . 5MD-30Mii-llCr+40Al -15. 2Ni +104V+40Ti 

(1) 



t tzun^^-^^ f-^- I- *: -g|5-t-/v-C' i> J; I ^ V /1 7^ > 

Th ?i' M^^mm t L . -tlx. mtimMizfi i 
X jm I im -r ssi- 1 1 ^ t -^^ h^M. i&Bym 

im^mA ] KfS(C) : 0.13-0.25i^t.?i. 

> ij r?>(Si) : 0.70— 1. SOwt. %, 
(Mil) : 0 . 30- 1 . 50wt. % . 
^'Q/.(Cr) : 0.2a-1.50wt.S, 
^ijy'r'y (Mo) : 0.01-1.00wt..S. nXlf. 
T/l 5^'^-is(Sol Al):0.01 -0.07wt.°i 
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- ■yrMWi) : 0.01— 1.00wt..%, toXX/. 
./s;-^>;-V7A(V) : G.Oi— l.GOwt.% 

^^> (li) : 0.01-0. lOwt.%, 

Acj =920-203 V^C+44.7Si+31-5Mo- 

(ML . (1) iCfl'cONi. V t3j:t'Ti(7>^W*: (wt.%) {i^?: 
^jiegtcigAL/iJ&&i04-W* (wt.%) . (cJz'.TSitU 

$iLl>AC} iv-fv — ,■5'— //, S50 -~950 'Ci?:)iEHrt 
,b 1. fl:^lS.7f lififc^ * L , 3 5 — — 5ffiM7'.*ilS 

If. mfc it/ 9 iTi III ii-rix;5')12S<::fc t >T 3 0 4 7 
i7;)iElllrtioi;V2 2— 4 2c7)iElil(*](c,^>.2)-ffi-$IB§HWC 

eSf^ *r 0 . 3 m mJ,U±, ^ffli^J^il'J-iSft/i^'ii^^ '2: 1 
OT, ^NS3tgPi7j[^gr.ffi$li2r , 7x^^ h 

ammmxT 1 0-5 0 % , ?tgi5//'<--f -^^ i-fcJ: 

[ 0 0 0 1 ] 

mmmmMhxx/^tcMMifm-zm-t ^ i> ^^jta ^ ... 

[0002] 

MW^izmm-/y'^i"?i>. -tt-ii, i.tixmW-t/^''^?i± 

A (, icT^j^Fft J; T ^. t <r)X"$) D , ^ ^'-') 
.rc'.)J; 0 (c^^7Jxfi-//;S< ^-/i' h ^SK^^7 JL?Jla^:lli!iL 



-.7j-7'(Nb) : 0.01~0.10i*t.%, fciy^". 

>;7L r? (Zi- ) : 0. 01 -O. lOi^t . % 

•30Mn-llCr+40Al -15. 2Ni +104V+40Ti 
(1) 

[00 0 33 BP*:.. mM.mmti(zni-^^>mmin?jLm 

IZ . -7 /I T- > ->f < 1- c7;):tfi!c(C J; h W&'i^-n . En t> , :^ - 
,1$ * « < 'J c t //t- * 'Sr ^ > . •- ^".)5^c*^ 

Jf'T . WI.'Z , @fJ)m(7) h 9 > -X 5 -y > 

3 ym^^iziov^xii, m^izMLxm^^xmiv^mm 

■m> ^ iz h -wj-hh-r. 'tmm-/jH^^ < s.r)mm--fm 

< , ^ l-X ^^f^^c^MmK hSr— SP-^tf^ 

a 7^ >'-»f I- ^t^c^MM^zKc -> X^^htzMz^ -iim.'i^.y\ 

mmizyk-^x^^h, 

[ 0 0 0 4 ] 'c-T\ mmcH&mmco\^Ji^m^tiif> 
mmm ^^-^mzmi: i . m7Jxm^M.^i&m^-^^-m 
^siWBfH'Jtw J: hmmmiExii. m^umt/^mt^^-zt 

[0 0 0 5 3 ±mi^zA*'^^-^. mmmmm±. 
ivm. mnHMiE!>m^m^-ti<zmm^ix^ztfj^-^< . 
(TEoT . mm.m?jtL^ixtzmmM^^<^)-^^nm\^±<r) 
fzmz^ m.7jxm^ ^ i&^-t h - 1 -M^'W. y. $ ixx ^ > 

h., c:<7jij; ri^a^^^AixS'^ftti, S«i7.)MAixtttc 
J:-t.-C±^ <^iP$ix-|,. ?f^M7Ux(i, 
920 ■■'Q.o^-mmrQ'rshixhoyx, ?lpt4'(-i-— x-r-^ -f h 
FSB^Bm-/j'ii.-:'tfl:-r-i> ^ t i> , SAi^iJSISIi?.)— o .> $ix 

[00063 wmmM<^mux-&^m.^^m-h-H& 

\Z'y\\x\i. mkb^hm"^oM%-r)'^ts:^ixXi6^') . — fl5 
(C, ffiii>?Ali(cML'C{i>'3 S--^— SMi^7JxlSg^:fl: 
i?;)5S $ i}^ 3 5 > > 1- c^^TPI ic^ ^ J; d (c , Wt^Oi 

7Jxtt'>r(S<Jfn.t^>*a//*n'^ix, iT^j, #MT4 -24 

Ai. Ti. mymi'^i^^Bn:&mitiiM^miER&M-^^zt 
izx*')k&^ai&&Mmzmm-thi5m( i:it. ^mitm 



(4) #13^9-28 7 64 4 



c 0 0 0 7] ttz, 4tii¥5 -70925 ^&mii. n^m. 

m^)^\ , Mil, Cr, MofcJ;tA' m'k^'^-r?;>M-/-J'i'-:.^^>-& 

i:)±Ts.-:)mi^m\i-hmmn'> (wt. Pit ) c^yAr,^ 

t 0 0 0 9 ] 

#BSa-iiftiSI(C|l5|S-t|.^ .t tc J: OjimtiilXffi'^^iT^SiS 

i^7JxS^*r*^-fLi--§. .1 i:*'-C § i: i > ri fij.-S^r 
WJ^^> a^l~m^rm> - -r 'J ^ $ < 

't7i>z.t ifif^ ^x^^t^^'> roiii//*, .. .2 a) 9 -i ram 

W^mmnx-m^Xi^m^iSi < =5: S J; {ziSf1-*:!xT is 

[ 0 0 1 0 ] %mm^ 2 {± . ffiri^gCsr 7 X 7 h • ' ^- 
y -f h iffliioc-r-i, 1 ('- J; 0 -7/1 ^ >-»t 0 
f*fSir;5i(c i ^^i7sixM^'r C i; ^//T'^ ^> i: t > 

-.a^'J*-^-?.. LA-L^-5i^f>, *ff*Sffi2{i. ffil^gp 

m-^m-imM^biy . ]-^m.X-h7i>fziiy 

[0011] ^feffm#3{±. ^ffi(l51w>MSfl:-&!f^Ji'r 

Acs =920-203 /'C+44.7Si+3].5Mo- 



mmmitm ^ n s t ^/'X- tfz, 500-700 r 
aM&&^xmmi-hcr)x->)m^'ffaC')^mf/''h^^'t\^i 0 
fij.^/>w-r§. L/j^L4'//^;>- ^nmmsit. mitmm 
^ifm<. -i-^^®fi:Ji*-#i.{c«±5 0- i ooBtiatc 

I.,. 

^m&ii, mmm^^L. -clt. ^^7jxfcj;t'=j^ML 
1 0 0 1 3 ] 

[0014] *^ffl«lt^^)V«^M7Jx^Afi{C^^*.S 
-Xy-i'-f Nffl^ct"(C7xf7>f N^fflm^%-C-1 0- 5 

o%mpi±^'*i\ mmn.yji'(kcMmi:y x.y''( h ■ -^n 

mmizi&m-t hit^^ttiifz ... 
[0 0 1 5 3 ^^T'. M^ffMrn^mzx-'X . .-t-x 

^■r -f hmi^^lzy ^ y -i l-'Sr?Ii£S-<ir^>^^*^(c(i, A 
Cr. Mo. Al, V m<7.)7tm<7.K Ac^s^e^astcs-tj-ws 

mmzmj^-th - 1 (c i 0 . ji"s;c7:)jtM^f+-r- ^.^i: 

7x^ -f I- • -7;l.-r> •»f N~ffiffllS/;iW'vfL/.:.. L/j» 
t> . 7 X ^ Y 54 (l:7c-»(c J; 'C -teF^glK ^Nlr^^ ) 
^ft^^^xT I. »^><?3T'7 X 7-f l-*»'ifSi£L t: V iT 1, 

[ 0 0 16] ZOMmt, izW.nmz-m':>v^Xts:^i\.fz 

X'. C : 0.13-0.2^ . Si : 0.70— l.SOJi . Mti : 0.30- 

1.50% , Cr : 0.20-1.50% . Mo : 0. 01-1 .00% , iiX 
V, Sol Al:0.01 -O.OTrir i-WL . : XVOf^ 

^isw^^-em^'v^';) . ao. Tied) 

30Mn-l lCr+40Al -15 . 2Ni +104V+40Ti 
(1) 
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T^;Ke^(C}fK7a./ci;S-^-<?;)^^j: (wt.%) ^mio-t. ) 

izX-yXmtti^iX^ACi: ;^J <y 850 -95 

./ 7 X /I^CIJ $ T- 2 2-47 coJEHrt (EL, #^<7;) 
iSiSi: . 5'J3C*^)fiStJiit^-.51§ ' ... .) {c$> 0 , 

0.3 mmiyjb, m%mm.m.tLm^m<mL^mitm<rtm^ 

[ 0 0 1 7 3 , HI C , ii*i?:)rtgn?l$^')iPl^(iS 
Acj =920-203 v'~C+44.7Si+31.5Nb- 

(flL , (1) 5'C'+''7)Ni, V iiXWlic^'y^^M (wt.%) Ji 
^mmzMK L-/^%^<7)^** (wt.%.) t-J>^.., ) tc 
J;-:.Tmi±i$iX'&Ac2; .■#.'N7.X-^-yi)>. 850—950 

•:?Oxyl.'C55$-r-2 2- 4 7(7)|EH[^ (fIL, ffim^^)!^ 

m.t. <:':)x.,'^.<7>iiLm.l>z}-ii,l i>m^^^^o . ) izh*). -c 
LX . aiii7)?fm7.nSP(ciJH-?.:S1??jWbJig^$*^'0. 

io/.m i2J,Ti:-$) 0 . jao. ^Nfi.i3tgi5c';)f*)aiffliiiy/- yx. 

Acs =920-203 V~C+44.7Si+31.5^fo■ 



(fat, (1) j^tfi^JNi, V ioXV^'Ti^y^^A (wt.%) (i . 
:^Mfi^(C}Ft7a?t:*i^^'>i-WM (wt.%) Sr^^-T. ) 
izX-^XMtii^tL^Ac. }^y^y.X-l^—/}\ 850 -95 

MX^-h^h 5 m ifi J; LK' ?) rn m O'ltL-fi iCMiLSiZtiV^ 
T 30 — 4 7 C7Mmf^m.V^ 2 2—4 2c7.)|illl*I{-i5^. 

mmmmzMLx . mmzrm-tz tizx <omm^zMx 
I , mMimMizmstm7J'L^mi-iti:zj: *)mm<?yMm 
n^o):^^witmm $ -r 0 . 3 ni in w± , mmmiTt-mt 
m(^)M^ii om<& idT. ^^it^gcortscfflia 

t:, 7 X 7^ i-//Hm^% t- 1 0 — 5 0.%, ?iSI57;(>''<-f 

Acc: =920-203 v'^C+44.7Si+31.5Hc) 

((IL , (1) 5ft4'^:)Ni, V ii i.zn\oy^-^W (wt.%) (i 
.^j8fi<>tc^ t f^^-^O^W* (wt.%) . ) 
XoXm-^^ixhAo-i .<^J^yj^-7-i}'\ 850-950 



if^ii2iB«io.^Bj^7)S3SK; i&mmm-mmMi±. <?: 
■ [ 0 0 1 s 1 it^i^-^mm.^^m&% x\ c ■. o. 13-0.25 

% , Si : 0.70-]. 80% , Mii : 0.30—1.50% , Cr : 0.20- 
1.50% , Mo : 0.01— 1.00% . n^t>^ . Sol AlrO.Ol —0. 

"Ni : 0.0]— l.OOwt.%, i5XT/\ V : 0.01— l.OOwt.%**^:. 

mA.fz:i^'Kc< c ^ 1 oc7.)7c«. 3iy^(c./S7^>{s, ria-ft, 

Ti : 0.01—0. 10% . Nb : 0.01-0.10% , iiXlf. Zr : 0. 
01-0.10%>^)-»^gl^3^iJ^^^< > i> 1 o<7)7t:«$r#SnL T 

■O, TiE(l) 5t : 
-30Mn-ll(:r+40Al -15 . 2N i +104V+40Ti 
(1) 

y i h'l-MH^A tiO-50% ir;^. m^mf^A^i Vi-i 

;i.'7">-^-f h Tit!) & ig-^^tw^Sr T w» c: htcift®^ 
^■ri.t.<7:)T.t)-i.„ 

[ 0 0 1 9 ] mim.?>i^wyw^c':>-m%M.. {w^m^ 

m.W. T, C : 0.13-0.25% , Si : 0.70—1.80% . Mil : 
0.30—1.50% , Cr : 0.20— 1.50% . Mo : 0.01— 1.00% , 
jSjiUf, Sol Al:0.01 -0.07%-r ir*L - ^ : Fe*3j: 

•30M1I-11 Cr+40Al -15. 2Ni +104V+40Ti 
(1) 

[002 0 ] ifil<ifl4lEtfe^>?feBfl^>iS?SK, ffiS!i9iifl^ 

T. C : 0.13—0.25% . Si : 0.70—1-80% . Mii : 
0.30—1.50% , 0:0.20—1.50% , Mo : 0.01— 1.00% , 
ii^Vf. Sol Al:0.01 -0.07:'i2:t-WL . TiefL 

Ni : 0.01— 1.00wt..%, Bit/. V : 0.01— i.00wt..%*»-b 

m/^ti'ytj:< > h 1 oc')7cs, Mt/tc/i/tfi, Tier 

Ti : 0.01—0.10% , Nb : 0.01—0.10% . HX l^. Zr : 0. 
0\~~<>:Wiij>h'mA.fz:ift£< i; i l Oir)7c^^#JnLT 

Ti£(l) 5^ : 

-30Mi)-llCr+40Al -15.2Ni +104V+40Ti 

(1) 

iX^t)'h 5 HI mi-j^V^ 9 mmCf)-lfx,'i-ixff){tLmz-hv^X 
3 0— 4 7c5')iEBll*lBiV2 2- 4 20)mMf^iZhhm 

Mmmmziciix , igit*i£-ti >: izx ^mmzMn 



t. A 

(6) nm^9-2S7bAA 



J: V 1 -7 Tf- > -f I- -<:%■?) ^. w^i^m tKci, 'c I X . 
[002 1 ] m^msimi'Mmi^m^m. imMm^ 

[00 2 2] 

//'•C' * , 7 X 7 -f h /L^^ >' ■'f -f h £'.)P5fi^^ 2r iKJR 

h ■ -zil 'ry^-^ h-mm-^b^^^ZblzX>')i&^^ 
[0024] t-fz, mmoymW^Zi6^,^X{i, mit^m 

i£//''i^jDi--g.. MIC, Si, MoBitn' (CiotMMLIX 
[00 2 5] (c, .2c7)||H3<.cBi. >-C(i. 

Nbij J: tXZr fc i7j 2 f^ii — r{Z%t,ifz 
[00261 mz . If)^Bflc7j7i§SJS. fE^^M^-ffJti 



r±j& L tz^j^ izmM Ltzm^iz-j^x artzit^ 

[0 02 71 (1) ^(C) 

Xi&^KcmMmmxh o , -i (^) \m ^ $ ^. tz^ 

\,Zl,i , 0. 13wt..m±^* L -ct »4 - 1 -fJ^-Z^Xh 0 - 0. 

>)mnwi^''^<t>:?^c)xmt. l < tcv^. l/^^l^-//*^., 
^*^^fi//o. 25wt. i^mt h t mMo>^\ttiXv^mm 

t. K^mmnkzmitt^^x'h h . 

[00281 (2) > U =3 > ( Si ) 

^W^jtMXhh ., L fr L , > iJ n > &Wfi/j>0. 
70iMt. l^iHtii: . ?Spt:l'a!ffiB#t-?.t^;^'7.4'(3T^«IjeB^lc 

<.. —is. > ^;^>^wa//l.sowt..%Sr®/:■c3i*^J^c4- 
^ > . 7 X 5 -fh s-//-^ < 4' 3^ r-c , ^mn iix^tt 

-^isfi- mzmiiW£(^>\&Tin<, iii-'X. >'.J3> 

^^rSii 0. 70-1 . SOwt . %i7:)iElll[^(c|l^-^^^* xh 

t, 

[ 0 0 2 9 ] 3E(c , > 'J =j > {itSM t«cfl:a£i)i*ti±$ 

(3) '7y^'> (Mn) 

m^-m[^^z>cy{zmKi:7mxh o , 'ci':)f'^fflri^»§ 

^7i>fzmz{t , 0. 30wt,.%i:J,Ji#:W ^-tir-S. t f^&mxh 
h . L L ti:-ff '':> , "7 > ^i/' > tci± A <; j 3S;SJ^£ A ^ < (Bi 
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